Purpose Despite the high incidence of cases of minimally displaced lateral or posterior malleolus ankle fractures, treatment guidelines are still an issue of controversy. The purpose of this study was to delineate treatment preferences among orthopaedic surgeons in these fractures with and without concomitant posterior malleolus fractures. We hypothesized that concomitant minimally displaced fractures of the posterior malleolus can shift treatment preference towards operative intervention. Methods A questionnaire-based study was conducted among orthopaedic surgeons attending the 2012 European Federation of National Associations of Orthopaedics and Traumatology Conference (EFORT) in Berlin, Germany. Treatment preferences were reported for minimally displaced lateral malleolus fractures seen on radiographs and were then compared with treatment preferences when computed tomography (CT) was added revealing a concomitant minimally displaced posterolateral fracture of the posterior malleolus. Results The cohort comprised 177 surgeons from all six continents. When radiographs showing a minimally displaced lateral malleolus fracture were presented, nonoperative management was indicated by 35 % (62) of participants, whereas 65 % (115) preferred operative intervention. After CT views were added showing an accompanying minimally displaced posterolateral posterior malleolus fracture, 79 % (140) suggested operative intervention and only 21 % (37) advocated nonoperative management (p =0.03).
Introduction
Ankle fractures are among the most common fractures treated by orthopaedic surgeons [21] , with an incidence of approximately 187 fractures per 100,000 people each year [6] . Between 60 % and 70 % are unimalleolar fractures, the majority involving the lateral malleolus [5, 6] . Posterior malleolus fractures occur in 7-44 % of ankle fractures [4, 5, 11, 18] .
Despite the high incidence of fractures involving the lateral or posterior malleolus, the indications for operative intervention remain an issue of controversy among orthopaedic surgeons. When there is minimal displacement, it is acceptable to treat lateral malleolus fractures nonoperatively [8, 9, 14, 16] . However, fractures of the posterior malleolus, which usually occur in combination with lateral malleolus fractures [20, 21] , may alter treatment decisions even when there is minimal displacement of the fragments. Although there is still debate whether the primary role of the posterior malleolus is related to peak stress distribution or to tibiotalar stability [7, 19] , indications for operative intervention in cases of posterior malleolus fractures are frequently based on fragment size [7, 8, 10] . Accordingly, 97 % of surgeons preferred operative management for posterior malleolus fractures in one study when >50 % of the articular surface was involved [8] . Yet, common combinations of minimally displaced lateral malleolus fractures with minimally displaced posterior malleolus fractures that involve <50 % of the articular surface increase the uncertainty regarding preferred treatment. Accordingly, in a recent review, no consensus was found as to which posterior malleolus fragment size should be internally fixed [19] .
Understanding current treatment preferences among an international community of orthopaedic surgeons in cases of minimally displaced lateral malleolus fractures that occur in combination with minimally displaced posterior malleolus fractures can assist in delineating treatment guidelines for this injury. We therefore conducted a questionnaire-based study among an international group of orthopaedic surgeons by presenting specific management dilemmas that relate to this type of injury. We hypothesized that in cases of minimally displaced lateral malleolus fracture, the presence of concomitant minimally displaced posterior malleolus fracture can shift the preferred treatment approach towards operative intervention, and that type of orthopaedic subspecialty may be associated with such decisions.
Methods
A questionnaire-based study was conducted among surgeons attending the 2012 European Federation of National Associations of Orthopaedics and Traumatology Conference (EFORT) in Berlin, Germany. Participants were asked to complete a questionnaire ( Fig. 1 ) regarding their treatment preferences for minimally displaced lateral malleolus fractures as seen on standard nonweight-bearing trauma series radiographs (Fig. 2 ). The same questionnaire was then presented to the participants with the addition to the case of sagittal and axial computed tomography (CT) images that disclosed a concomitant minimally displaced posterolateral obliquetype fracture of the posterior malleolus involving between 30 % and 50 % of the articular surface (Fig. 3) . Type of subspecialty, type of practice (academic university-affiliated, nonacademic), number of years in practice, and volume of trauma surgery were also provided by each participant.
Statistical analysis
A univariate analysis was performed using the chi-square test to compare treatment preferences before and after the posterior malleolus fracture was presented on CT cuts. A p value < 0.05 was considered statistically significant.
Results
A total of 177 surgeons participated in the study (Table 1) . Demographic data is presented in Fig. 4a-d . In general, >80 % of participants practiced in hospitals. Nearly 60 % had at least ten years of experience; about half were orthopaedic trauma specialists, and 8 % were foot and ankle surgeons.
Nonoperative management was suggested by 35 % (62) of participants when ankle radiographs showing minimally displaced lateral malleolus fracture were presented; 65 % (115) preferred operative treatment ( When the study cohort was divided in groups-one including only foot and ankle and trauma surgeons [48 % (85)] and another all other subspecialties [52 % (92)]-the following treatment preferences were observed: Based on radiographs only, in the foot and ankle and trauma group, 37 % (32) suggested nonoperative management and 63 % (53) internal fixation; with the addition of CT images, only 17 % (15) supported nonoperative management, and 83 % (70) recommended surgery (p =0.001) (Fig. 5 ). In the other subspecialty groups, based on radiographs only, 33 % (30) recommended nonoperative management, and 67 % (62) advocated operative treatment. After CT images were provided and the posterior malleolus fracture could be appreciated, 24 % (22) recommended nonoperative management and 76 % (70) internal fixation. The addition of CT images did not change preferred treatment approach regarding nonoperative vs. operative treatment in this group of surgeons (p =0.1) (Fig. 5) .
Discussion
This survey showed that the majority of surgeons preferred operative treatment for minimally displaced fracture of the lateral malleolus. The appearance of concomitant minimally displaced fracture of the posterior malleolus involving <50 % of the articular surface significantly shifted treatment decision further towards internal fixation. To the best of our knowledge, surgical indications for this type of malleolar injury have not been clearly defined until now, and preferences among an international community of orthopaedic surgeons have not previously been presented. Whereas some investigators recommend nonoperative treatment for minimally displaced fractures [2, 3, 21] , others suggest internal fixation of the lateral malleolus fragment [7, 8] and then fixation of the posterior malleolus fragment only if reduction of this fragment was not achieved following lateral malleolus fixation. Our findings suggest that in this scenario of ankle fractures, the majority of orthopaedic surgeons prefer internal fixation of both fragments. It seems that most surgeons are concerned by inadequate reduction and stabilisation of these fragments, which involve the articular surface. This is in accordance with data showing that 1 mm of tibiotalar displacement was sufficient to result in a 42 % increase in tibiotalar contact pressure [15, 20] , thereby potentially promoting early ankle-joint arthritis. Moreover, this study revealed that surgeons involved in foot and ankle and trauma practice are essentially those that most likely shifted treatment preference further towards operative intervention when concomitant posterior malleolar fragment is observed on CT. Surgeons who were not foot and ankle or trauma subspecialists were not significantly affected in their treatment preferences when viewing radiographs only compared with viewing CT images. As foot and ankle and trauma surgeons are more likely to have follow-up on patients with these types of injuries their every-day practice, and as these groups of surgeons are likely more familiar with the literature in this respect, it may be advisable to adopt their opinions when delineating international treatment guidelines.
Ankle malleolar fractures with minimal displacement pose treatment dilemmas to orthopaedic surgeons. Intra-articular displacement, talus subluxation and failure to achieve or maintain closed reduction [8, 10, 21] may all justify surgical intervention. Some authors show that nonoperative treatment in minimally displaced lateral malleolar fractures result in good outcomes [2, 3, 21] . Moreover, this type of injury is regarded as supination-external rotation type II (Lauge Hansen classification type II) [13] , which is considered a stable fracture; therefore, the advisability of operative intervention may be questionable. However, our data indicate that the majority of surgeons preferred operative treatment in this type of injury. It may be argued that the preference towards operative intervention is due to reasons such as early mobilisation and possibly faster rehabilitation; this, however, was not explored in our study. The occurrence of concomitant posterior malleolus fractures, which frequently accompany lateral malleolus fractures [20, 21] , may affect treatment decisions. Surgical intervention may then be indicated in cases involving posterior tibiotalar subluxation [10] and may also depend on the size of the posterior malleolus fragment [7, 8, 10] . In this survey, the significant change in surgeon opinion towards operative intervention may relate to the fact this type of fracture, regarded as supinationexternal rotation type III according to Lauge-Hansen classification, is considered unstable [17] .
In recent years, locking plates became popular in orthopaedic surgery, as they allow transferring loads from the plate itself directly to the screws, thus sparing loads from bone fragments [1, 12] . This may be of particular importance in cases of fractures with comminution and those involving osteopenic bone. That advantage, however, has not been clinically demonstrated in the case of lateral malleolus fractures in active adult populations. Accordingly, using nonlocking plates was still the preferred method of fixation for the lateral malleolus by most surgeons in this survey.
When an operative approach is selected for cases of minimally displaced lateral malleolus and concomitant minimally displaced posterior malleolus fractures, it is possible to either reduce and Fig. 4 a-d . Academic and professional characteristics of the study cohort Fig. 5 Treatment preferences among orthopaedic surgeons. L lateral malleolus fracture only is seen on radiographs; L+P concomitant posterior malleolus fracture is seen on computed tomography (CT) cuts internally fix the lateral malleolus only, assuming that reduction of the posterior malleolus is achieved by simple ligamentotaxis [10] . The other possibility is to fix and ascertain rigid stabilisation of both malleoli. Our study shows that most surgeons support internal fixation of both fragments in these cases. Whereas this approach might expose patients to additional risks when unnecessary hardware is added (i.e. for the posterior malleolus), it has the advantage of solid fixation of all fragments and the potential of recreating a more congruent joint.
The majority of our study population comprised surgeons with greater than ten years in practice; one third had >20 years in practice. Moreover, >80 % were practicing in academic facilities. These data indicate that extensive surgical experience as well as academic knowledge was likely common to most participants, supporting the consideration of using of our findings as a basis for delineating internationally accepted guidelines for this injury.
Limitations of this study include the fact it relied on one type of injury. With more cases and variations in fracture type, a wider spectrum of decisions could have been expected. Moreover, the fact that a majority of the international group of orthopaedic surgeons supported operative intervention for an injury that involved a combination of minimally displaced lateral malleolus fractures with posterolateral oblique-type posterior malleolus fractures is not by itself a guarantee that this approach provides the best patient-care strategy. However, results of our study could be used as a rationale for further clinical trials.
Conclusion
Most surgeons prefer open reduction with internal fixation for minimally displaced lateral malleolar fractures. The presence of concomitant posterior malleolus fractures in these cases shifts treatment preference further towards open reduction with internal fixation. Because the posterior malleolus fragment might not be well delineated on standard ankle radiographs, a high index of suspicion should be reserved and the use of CT considered in these cases.
